on intact organisms and partially purified luciferase preparations of Photobacterium phosphoreum (Bergey's Manual of Determinative Bacteriology, I 957) indicated that further studies on the purified luciferase from this bacterium might provide some new understanding about bacterial bioluminescence in general. These studies, which would require large quantities of luciferase, were begun with the search for a suitable medium for the large-scale production of the bacteria with high yields of luciferase. Of the several conditions found to enhance the synthesis of luciferase, yeast extract, aeration, pH and temperature produced the most dramatic effects. A medium has been formulated which, under optimal environmental conditions for this bacterium, promotes the synthesis of luciferase in high yield relative to the total soluble protein. Data in this paper also show that the bioluminescence rate in vivo is directly related to the luciferase activity in extracts.
METHODS
The strain of Photobacterium phosphoreum was obtained from D r W. Terpstra (State University, Utrecht) and maintained on sterile slants of Difco Photobacterium Agar. At 2-week intervals the culture was streaked on sterile plates of the above medium and the brightest colonies (as judged by visual examination in a dark room) were transferred to slants in screw-cap test tubes. The slants and plates were incubated aerobically at 15 "C. After good growth and luminescence were attained on the slants, the caps were sealed airtight and the tubes stored at 4 "C.
For liquid culture of Photobacterium phosphoreum the media described in the Results and Discussion were modified from the standard medium containing the following per litre of deionized water: yeast extract (Fisher Scientific), 5 g; tryptone (Fisher Scientific), 5 g; NaCI, 30 g; Na,HPO,, 5 g; KH,PO,, I g; glycerol, 3 ml. The liquid cultures were grown in Erlenmeyer flasks with cotton plugs with the volume of sterile medium 115 the volume of the flask. The cultures were incubated at 15 "C, unless specified otherwise, with vigorous shaking.
Bacteria, for counting and light measurements in vivo, were measured either without dilution or after dilution into 30 g NaCI/l. Bacteria for extraction of luciferase were harvested by centrifuging in an RC-2B Sorvall centrifuge with a GSArotor at 10 ooorev/min for I 5 min. For the light measurements in vitro the organisms were lysed in deionized water and the debris removed by centrifuging as described above.
Light emission by intact organisms and extracts was measured as previously described 
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Quanta sec x lo-'' ing protein -' , 1966) . Bioluminescence is expressed as quanta/s/ml of culture and luciferase specific activity expressed as quanta/s/mg protein. Protein concentration was estimated by a modified Biuret (Eley, 1968) . Bacterial numbers were determined by direct counting with a Vickers microscope and a Petroff-Hauser bacterial counting cell.
RESULTS AND DISCUSSION
Although Difco Photobacterium Agar supported growth and luminescence, Difco Protobacterium Broth was unsatisfactory for growing large-scale liquid cultures because of the CaCO, precipitate which was difficult to separate from the harvested bacteria. A special medium was therefore needed since only sparse growth or weak luminescence was obtained with media previously reported for the liquid culture of this and other species (Harvey, 1952; Terpstra, 1958; Kuwabara et al. 1965; Hastings, Riley & Massa, 1965) . Yeast extract, tryptone, nutrient broth (Difco), and peptone (Difco) were tried alone and in combinations to supplement the standard medium with the yeast extract and tryptone omitted. It was found that a combination of yeast extract and tryptone (5 g each/l) induced a more rapid increase in the luminescence rate per bacterium and a higher maximum luminescence rate per bacterium than the other media tried.
Salt is known to be a necessary component of the media of marine luminous bacteria, In the present study 30 g NaCl/l produced the highest luminescence rate per bacterium.
Maximum luminescence is obtained when this bacterium is grown in medium containing glycerol as carbon source (Hill & Shoup, 1929) . Several concentrations of glycerol from I to 5 ml/l were compared. A 3 ml sample of glycerol/l of medium produced a somewhat higher luminescence rate per bacterium than other concentrations tried.
Growth at both pH 6.0 and 6.5 gave maximum luminescence rates per bacterium. The
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growth rate and yield was about 50 % higher at pH 6-5 than at pH 6.0. Therefore, the bacterium was cultured in the standard medium at pH 6.5. A similar pH optimum was found earlier for maximum luminescence of suspensions of this bacterium (Johnson, I 947). The effects of temperature on growth and luminescence of luminous bacteria have been found to vary with the species or strain (Harvey, 1952) . Incubation at 15 "C was found to be optimal for this strain of Photobacterium phosphoreum when grown in the standard medium.
Bacterial bioluminescence is absolutely dependent upon oxygen. Vigorous shaking of cultures grown in flasks as described in Methods was adequate to produce maximum luminescence rate per bacterium without additional aerating apparatus.
For the maximum synthesis of bacterial luciferase in Photobacterium phosphoreum during growth in the standard medium, the pH should be adjusted to 6.5 and the culture incubated at 15 "C with vigorous shaking.
The gathering of data on luciferase synthesis during growth is based on the fact that the luminescence rate per bacterium is directly related to the luciferase content. Fig. I shows this direct relationship between the luciferase activities in vivo and in vitro. This fact allows one easily to determine the luciferase levels per bacterium at any time during the growth cycle. These studies have provided useful knowledge for the production of large quantities of Photobacterium phosphoreum with a high content of luciferase per bacterium.
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